Abstract. According to the behavior of seismically isolated continuous bridges, the bidirectional nonlinear characteristics of lead rubber bearing are taken into account by using two orthogonal nonlinear level spring elements. Based on the FEA software, the analysis models of seismically isolated and non-isolated continuous bridges are established. And the nonlinear seismic response for these analysis models is carried out under the function of the reasonably chosen seismic motion.
Introduction
In recent years, scholars around the world have had extensive studies on the seismic isolation technology, and many of the bridge structures have been built using this technology. Compared to the traditional non-isolated bridge, the seismic response of seismically isolated bridge and the analysis become more complex: non-isolated bridges are generally used to resist earthquake by enhancing its bearing capacity and deformation, namely, to absorb the earthquake energy relying on the crack and damage of main structural components, which makes sure that the bridge structure can be avoid of collapse, but it will cause serious damage to the bridge. While, in the seismically isolated bridge system, the traditional idea of "resisting" is changed, by the new approach of "softening" structure, that is to say, by setting isolation bearing on the top of pier, the purpose of reducing seismic response can be achieved [1 6] − . According to the design characteristics of seismically isolated continuous girder bridge, this article makes use of two orthogonal nonlinear level spring elements to simulate the bidirectional nonlinear feature of the lead-rubber bearings. Based on the FEA software, the analysis models of the seismically isolated continuous bridge and the non-isolated continuous bridge are established. And the nonlinear seismic response for these analysis models is carried out under the function of the reasonably chosen seismic motion. Some useful results are obtained.
Analysis Model of the Isolated Bridge
Project Situation. In the deep water area of Hong Kong-Zhuhai-Macau Bridge, The transition link bridge structure between Qingzhou shipping channel bridges and non-navigable span bridges has a very big difference with the typical high pier bridge structure and the typical low pier bridge structure. So, although the designer does not make special statement on this in their design report, we think it is necessary to build an independent model for special analysis. It is recommended to adopt the scheme of continuous steel box girder bridge with the span arrangement of （6×110） m, as the transition link bridge between Qingzhou shipping channel bridges and non-navigable span bridges in deep water area, and make use of the entire hollow thin-walled pier and the foundation form of steel pipe composite pile.
The precasting and installation scheme is applied for the construction of the pile cap and the pier body. The pile cap and the first section of pier body are overall precast and installed, and the joint of pier body lies in the splash zone above. For the piers with the height less than or equal to 26m, it is the low piers zone, while for the piers with the height larger than 26m, it is the high piers zone. This link bridge unit lies in the transition zone from the non-navigation span to the Qingzhou Bridge, and the size of pier body varies from the high piers zone to Qingzhou bridge transition pier. In the scheme of steel pipe composite pile part, the variable section pile is adopted. And the wall thickness of the steel pipe is 22mm. 6 piles are adopted for the foundation of No. 0, 1, 2 piers, the diameter of section with steel pipe is 220cm, the diameter of section without steel pipe is 200cm, and the pile cap size is 10.6×15.6×4.0m. 8 piles are adopted for the foundation of NO. 3, 4, 5 piers, and the foundation of No.6 pier is the pile groups foundation for the Qingzhou bridge transition pier. For steel pipes and concrete of the steel pipe composite pile assume the force together, the anticorrosion measure should be taken on the steel pipes, and the bond behavior of steel pipes and concrete should be ensured.
The isolation bearing is adopted. The calculation parameters as follow: the initial stiffness at the place of NO. 3 pier is 139,670 kN, the yield force is 279.3 kN, the longitudinal and horizontal yield stiffness ratio is 0.0358; the initial stiffness at the place of NO. 2, 4 piers is 170,340 kN, the yield force is 340.7kN, the longitudinal and horizontal yield stiffness ratio is 0.0294; the initial stiffness at the place of NO.1, 5 piers is 58,890 kN, the yield force is 117.8kN, the longitudinal and horizontal yield stiffness ratio is 0.034. Fig. 1 shows the lead rubber bearing bilinear hysteretic model.
Fig.1 Lead-rubber bearings bilinear hysteretic model
The span connected the navigation hole linking, Because the total width of navigable span bridge surface is larger than 33.1m, when connecting it to the non-navigation bridge, the median strip of the span between them should be widened gradually, the box girder is divided into two single box beams along longitudinal symmetric centerline, and the transversal crossbeams are set between two single box beams, to resist the bending moment produced by dead load, live loads and lateral wind load at this. Single box beam has asymmetric box section, and dead load produces the torsion moment on it, to mutually offset by the transversal crossbeams. Under the action of live loads and lateral wind loads, the imbalance torsion moment of single box beam is converted to the bending moment and shear force of the transversal crossbeams. Under the action of the wind loads, the wind pressure is balanced by the space between two box beams, which is helpful for the wind-resistant stability of steel box girder. The transversal crossbeams are two kinds of cross-section, box type and I type, and the box crossbeam is set up in the pier top, 1/2, 1/4 and 3/4 span positions, I crossbeam is set in 1/8, 3/8, 5/8,7/8 span positions. Box crossbeam has the same height with the main beam, with the beam width 2.56m, and in the box, the longitudinal flat steel stiffeners and diaphragm are set. I beam has the same height with the box beam, and the width of top and bottom margin plates is 0.42m.
Establishment of the Finite Element Model. In the structure analysis, a complete and detailed structure analysis calculation is made on the recommended scheme of variable cross-section steel box girder, variable cross-section pier body and steel pipe composite pile. SAP2000 3D model that based on spatial pole cells and girder cells is adopted as the calculation model for the dynamic analysis, as shown in Fig. 2 and Fig. 3 . Spatial beam element is adopted on the main beam, transversal crossbeam and bridge pier, the elastic linkage pole and RUBBER ISOLATION element are used to simulate the ordinary bearing and isolation bearing. Suppose that the structure has no obvious support displacement under the action of operating loads, and in the fundamental analysis structure model, the support initial stiffness is used to simulate the support effect. (c) Fig. 4 The time history curves of the longitudinal (a), lateral (b) and vertical(c) seismic ground accelerations under exceedance probability of 5% in 120 years
Analysis of Calculation Results
Natural Vibration Period and Frequency. Because different bearings are adopted in the pier tops of the seismically isolated continuous bridge or the non-isolated continuous bridge, they have different natural vibration periods and frequencies under the bidirectional earthquake waves. The calculation results of natural vibration periods and frequencies are shown in the table 1 and table 2 , and it can be seen that: the natural vibration period of the seismically isolated continuous bridge is much larger than the non-isolated continuous bridge. fig. 5 . Correspond the natural vibration periods of seismically isolated and non-isolated continuous bridges to the earthquake effect coefficient curve, you can find that: the natural vibration period of seismically isolated continuous bridge keeps away from the principal period of the second class field, so the earthquake action it assumes is much smaller than that of non-isolated continuous bridge. That is to say, the natural vibration period of the bridge structure can be prolonged by the isolation bearings, to achieve the purpose of reducing the seismic response of the structure itself.
Advanced Building Materials
Bending Time Histories. The bending time-histories of pier bottom under the longitudinal seismic action in P3 level are shown in Fig. 6~ Fig.11 respectively. It can be seen from the figures that, the pier bottom bending moment of the seismically-isolated continuous bridge are much lighter than the non-isolated continuous bridge. But the former beam displacement is larger than the later, which indicates that the seismically-isolated continuous bridge prolongs the structure natural vibration period, but then sacrifices the beam displacement, thereby reduces the influence of the seismic motion on the bridge. Thus, in the designing of the bridge seismic isolation, the beam displacement should be attracted attention and controlled in a safe range. To sum up, when the lead-rubber bearing is added on the continuous girder bridge, it becomes a part of the bridge, and then participates in the balance of total energy, that is a relatively economic and effective method of seismic isolation.
Conclusions
This article, in the natural vibration period and frequency, seismic response on bridge structure and other aspects, indicates that the lead-rubber bearing can effectively prolong the natural vibration period of Hong Kong-Zhuhai-Macau bridge, reduce the seismic response of Hong Kong-Zhuhai-Macau bridge, and consume the energy input by earthquake, to ensure most of the structure in the stage of elasticity, so as to achieve the purpose of protecting the bridge.
